Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as °F = (1.8 × °C) + 32.
Datums
Vertical coordinate information is referenced to the North American Vertical Datum of 1988 (NAVD 88).
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Altitude, as used in this report, refers to distance above the vertical datum.
Introduction
Starting in the mid-19th century, river management in Washington State, significantly altered rivers to promote development in the floodplain and reduce flood risk (Collins and others, 2003) . These anthropogenic alterations; such as removal of large wood, meander cutoffs, channel straightening, levee construction, water withdrawals, riparian deforestation, and construction of flood-control dams, accomplished societal development goals but severely degraded the function of river aquatic ecosystems (Beechie and others, 1994; Montgomery and others, 1999; Ward and others, 1999; Sommer and others, 2001; Bernhardt and others, 2005; Stanford and others, 2005) . Anthropogenic actions were particularly extensive along rivers in the Puget Lowland of western Washington, in many places isolating the mainstem rivers from floodplains that contained important side-channel and backwater habitat (National Research Council, 1996; Collins and others, 2003; Beechie and others, 2012) . Such alterations were not exclusive to the Puget Lowland, but have and do occur worldwide. Tockner and Stanford (2002) have suggested that rivers and their associated floodplains are among the world's most highly altered ecosystems. The alterations of rivers in the Pacific Northwest receive particular attention because of their reduction of the quality and quantity of aquatic habitat, and concomitant impact on anadromous Pacific salmonids like Chinook salmon (Oncorhynchus tshawytscha), coho salmon (O. kisutch), chum salmon (O. keta), pink salmon (O. gorbuscha), and steelhead trout (O. mykiss). Of these species, Chinook salmon and Steelhead trout are listed as threatened (under the federal Endangered Species Act) in Puget Sound and surrounding watershed (Federal Register 64 FR 1999 and Federal Register 71 FR 2006) , which incorporates the Puget Lowland. With effective restoration, Puget Lowland rivers have the potential to again provide diverse aquatic and terrestrial-habitat patches ideal for multiple life stages of salmon, their prey, and other aquatic and terrestrial organisms (Montgomery and others, 1999; Sommer and others, 2001; Roni and others, 2006 Multiple flood-control approaches have been used with varying degrees of success and ecological impact during the 20th century. Channel straightening and levee construction were used to speed the transport of water and sediment down river corridors and enable development in the floodplain. In sediment-laden rivers, gravel removal (dredging and bar scalping) was common in the middle 20th century to increase flood-conveyance capacity and lower the water-surface elevation during flood events (Prych, 1988; Collins and Dunne, 1989) ; however, gravel removal fell out of favor in the 1990s because of the negative effects on aquatic ecology (Kondolf and others, 2002) . In rivers prone to aggradation, levee-setback projects, whereby levees are moved back from the river banks or removed entirely, are increasingly considered as a river-management tool to lower water-surface elevation during floods (Czuba and others, 2010; Pierce County, 2012; King County, 2013) . Furthermore, the reconnection of these river reaches with parts of their historical floodplains has the potential to improve ecological function in critical fish-bearing rivers (Costanza and others, 1997; Amoros and Bornette, 2002; Brown, 2002; Buijse and others, 2002; Pess and others, 2005; Hall and others, 2007; Opperman and others, 2010; Beechie and others, 2012) .
Although the intrinsic benefit of levee-setback projects is to partially restore connection of rivers with their floodplains (Hughes, 1997; Brown, 2002; Buijse and others, 2002; Richards and others, 2002; Rohde and others, 2006; Hall and others, 2007) , few efforts have quantitatively examined the potential increase in ecological productivity from such projects. With the development and application of two-dimensional (2D) hydraulic and bioenergetics models, potential flood risk reduction and biological benefits of levee-setback projects can be examined. Until recently, the evaluation of potential fisheries response to river restoration and management projects have relied on flow and habitat based models. These models assume that preferred habitats are primarily determined by depth, velocity, and substrate and typically ignore the role of food supply and foraging behavior in habitat quality (Orth, 1987; Wills and others, 2006; Hayes and others, 2007; Rosenfeld and Ptolemy, 2012) . Little work has been done to examine how the hydraulic and geomorphic outcomes from restoration efforts affect the foraging efficiency and energetic benefits of these types of projects to drift feeding fish (Copp, 1989; Junk and others, 1989; Stanford and others, 2002; Bellmore and others, 2012) .
Purpose and Scope
The study presented here documents an integrated modeling framework for predicting how changes in river flows affect invertebrate drift density and the net rate of energy intake (NREI) of salmonids (Rutherford, 1994; Hanson and others, 1997; Hughes and others, 2003; Hayes and others, 2007) in a section of the White River near Pacific, Washington. Two flow scenarios were evaluated for this section of river under two river management conditions: (1) the current tightly confined condition within levees, and (2) a hypothetical future condition in which a levee on one side of the river was setback establishing more natural geomorphic conditions with floodplain connection. Rather than assessing changes in potential fish habitat based on preferences for physical conditions alone, the objectives of this study were to evaluate how potential future hydraulic conditions would affect the abundance of energetically favorable positions within the study reach for juvenile salmonids.
Description of Study Area
The White River in western Washington drains the northern flank of Mount Rainier ( fig. 1 ), a 4,392-m glaciated active volcano in the Cascade Range. The White River carries a heavy sediment load of about 500,000 ton/yr sourced predominantly from Mount Rainier (Dunne, 1986; Czuba and others, 2012) . Because of its glacial origins on Mount Rainer, the White River transports fine-grained glacial 'flour' that gives the river a whitish-gray color during the late summer. Czuba and others (2012) reported that 28,000 ton/yr of coarse sediment accumulated in the study reach ( fig. 1 ) between 1984 and 2009 resulting in sometimes rapid increases in watersurface elevation at flood stage (Czuba and others, 2010) .
Historically, the White River has undergone extensive channel alterations in the form of levee construction, bank protection, and gravel removal to reduce flood risks. As a result, the river has been narrowed and isolated from its extensive predevelopment floodplain, which in turn has dramatically reduced potential habitat for native anadromous salmonid species (Chinook salmon, coho salmon, chum salmon, pink salmon, sockeye salmon, bull trout, cutthroat trout, and steelhead trout) that use the White River Basin for spawning, incubation, rearing, and migration (Gustafson and others, 1997; Johnson and others, 1999; Good and others, 2005; Hard and others, 2007; Ford, 2011) . In an effort to reduce flood risks and improve instream habitat, King County has proposed a levee-setback project along the southeastern bank of the study reach ( fig. 1 ; Herrera Environmental and Northwest Hydraulic Consultants, 2011).
This study was conducted at the site of the proposed levee-setback, an approximately 3,500-m reach of the White River about 110 km downstream from Mount Rainier, near the town of Pacific, Washington. The levee-setback project would increase the distance between confining levees, currently about 60-90 m, to as wide as 400 m ( fig. 1) 
Methods

Water-Quality Data
Temperature and turbidity were continuously measured at hourly intervals from May 2010 to September 2012 at a site approximately 2 km upstream of the study reach, using a multi-parameter water-quality sonde. The sonde was calibrated prior to deployment, as described by Wagner and others (2006) and Gibs and others (2007) , and checked for calibration every 1-2 months. The turbidity sensor (YSI ® 6136) was calibrated using a three-point calibration and standards of 0, 10, and 1,000 formazin nephelometric turbidity units (FNU). Calibration and reporting procedures for turbidity also are discussed by Anderson (2005) .
Fish Diet
During 2012, juvenile fish were sampled in the study reach once during each of three seasons: spring (March-May), summer (June-July) and fall (September-November) using beach seines. Fish were identified, weighed, and measured in the field. For each season, up to 10 fish were anesthetized with tricaine methanesulfonate and their stomach contents were evacuated by flushing with filtered native water following the methods of Foster (1977) . Stomach contents were preserved in 90 percent ethanol in the field and were later identified to a taxonomic level comparable to the drift density taxonomic resolution used for this study.
Fish Foraging and Bioenergetics Modeling Overview
To predict how changes in river flows resulting from the proposed levee setback might affect the energetic costs and NREI of salmonids in the White River near Pacific, Washington, a number of hydraulic models and a fish foraging and bioenergetics model were used (Herrera Environmental Consultants and Northwest Hydraulic Consultants, 2011; Hayes and others, 2007; Kelly and others, 2012) . The flow chart in figure 2 describes the models and the input data needed to determine the energetic costs and NREI at any , two-dimensional; 3D, three-dimensional) location within the study reach for juvenile salmonids under current and potential future conditions. For each node in the modeling flow chart, the specific location describing the modeling activity and/or the input data is identified. In general, a 2D Hydraulic Model was used to determine the depth and velocity characteristics for points throughout the study reach for current and future conditions under two user-defined discharge conditions. The 2D depth and velocity point measures were converted into a 3D representation of the study reach producing a series of cells distributed vertically and horizontally throughout the reach, each with a specific depth and velocity based on the 
Two-Dimensional Hydraulic Modeling
Water-velocity and depth in the study reach under current and future (levee-setback) conditions were obtained from previously released 2D model simulations (Herrera Environmental Consultants and Northwest Hydraulic Consultants, 2011) completed using the commercial finite-element based RiverFLOW2D modeling package (Hydronia, 2015) . The model domain for current conditions was constructed using lidar topography, total station surveys, and bathymetric data sets stitched together over the reach of interest. The model domain for the future conditions was created by modifying the current-condition topography to reflect (1) the proposed levee removal, (2) the new setback levee and engineered log structures, and (3) the new channels anticipated to form within the setback area, based on the hydraulic geometry of the existing channel and proxy examples from similar levee setback projects constructed within the region (Herrera Environmental Consultants and Northwest Hydraulic Consultants, 2011). The future conditions represent a reasonable best professional estimate based on experience and knowledge of the study area for the morphologic state of the river reach following the levee setback and several years (about 3 years) during which the river would equilibrate to its new floodplain conditions.
Stream Tube Model
The water-velocity and depth data from the 2D finite-element hydraulic models were first projected into a curvilinear orthogonal finite-difference grid using the International River Interface Cooperative software package (International River Interface Cooperative, 2015) . These interpolated orthogonal data were then used as input for the stream tube model described in detail by Hayes and others (2007) and Kelly and others (2012) . The stream tube model takes the triangulated irregular network formatted output from the 2D hydraulic model and formats it as a series of user-defined cross sections, which are subdivided horizontally and vertically into an array of polygons that are connected with their corresponding polygons in adjacent cross sections to form tubes, each having equal proportions of the total flow (Kelly and others, 2012) . The equal-discharge stream tubes provide a concise geometric description of water flow through the study reach (Hayes and others, 2007) .
For this study, 2,691 user-defined cross sections spaced approximately every 1.4 m throughout the study reach were used for current and future conditions of flows of 25.9 and 49.3 m 3 /s. The cross sections were perpendicularly divided into 20 user-defined equal discharge flow lines, and the resulting 2D flow polygons were vertically divided into 5 cells. For each vertical column of cells, the depth-averaged flow generated from the 2D hydraulic model was converted into pseudo 3D flows for individual cells assuming a logarithmic velocity profile as described by Gordon and others (1992) . The final array of flow polygons for all models was composed of 269,000 cells.
Invertebrate Drift Model and Data
Drift-feeding, fish-bioenergetics models typically assume uniform drift densities which is known to be unrealistic (Stark and others, 2002) . The array of depth and velocity polygons developed in the stream tube model provides a framework in which to model a more realistic dispersion of invertebrate drift in the study reach. For this study, the steady-state, drift-transport model developed by Hayes and others (2007) was used to predict drift densities for each stream tube cell or polygon by accounting for the dispersion of invertebrate drift between horizontal and vertical cells by moving from the upstream to the adjacent downstream cross section accounting for invertebrate settling and entry rates. Drift densities by taxa and size class are used by Hayes and others (2007) as model input at the upstream model boundary and are used for calculating densities at the next downstream cross section using the invertebrate dispersion approach developed by Ciborowski (1983a; 1983b; 1987) and the dispersion models of Rutherford (1994) . The dispersion of each taxa and size class of invertebrate is based on a turbulent mixing model derived from an equation describing a Gaussian distribution where the standard deviation of lateral and vertical dispersion is predicated from water depth, velocity, and distance between cross sections. By integrating this equation twice, Hayes and others (2007) derive a model that predicts the drift contribution to adjacent downstream stream polygons based on upstream densities. Once dispersion is accounted for, the effects of taxa-specific settling and entry rates and time spent near the bed are used to adjust drift densities in each polygon.
Drift settling is modeled as a linear, time-dependent process based on the knowledge of the drift concentrations at upstream cells. The drift entry component of the invertebrate dispersion model operates only on the concentrations of the bottom tier of polygons along the stream bed. For this study, settling and entry rates and time spent near the bed were derived from Elliott (2002), Hayes and others (2007) , Kelly and others (2012) , and Hayes and others (2012) . A complete description of the invertebrate dispersion model can be found in Hayes and others (2007) .
Invertebrate drift and size composition data specific to the study reach are not available. Given that the focus of this study was on the comparison between current and potential future conditions, site specific field measurements of drift densities were not required. Instead, estimates of invertebrate drift densities were developed from data published for sites with similar hydrologic, geographic, and geomorphic features to the study reach as reported in 10 studies (Ulfstrand, 1968; Martin and others, 1984; Gislason, 1985; Cellot, 1989 Cellot, , 1996 Meehan, 1996; Matthaei and others, 1997; Saltveit and others, 2001; Bureau of Reclamation, 2005; Clarke, 2007 ). An average total drift density in number per m 3 was generated from these studies. The average percent drift density was proportionally distributed between different taxa and length classes based on percentage taxa composition and taxa specific length data generated by studies in the Skagit and Cedar Rivers in Washington (Gislason, 1985; R.W. Black, unpub. data, 2009 ). Published length and weight relationships were used to generate average weights for each taxa and length classes (Smock, 1980; Meyer, 1989; Johnston and Cunjak, 1999) . Previous studies indicate that invertebrate drift densities can increase with increasing turbidity (Gammon, 1970; Ciborowksi and others, 1977; Rosenberg and Wiens, 1978; Ryan, 1991; Shaw and Richardson, 2001; Berry and others, 2003) . To account for changes in drift densities in response to the measured seasonal changes in turbidity, the percentage change in drift densities in response to increasing turbidity measured by Gammon (1970) was used to modify the matrix of hypothetical drift densities for each season and simulated flow scenario. Although the turbidity and drift density relationship Gammon (1970) developed was based on laboratory controlled studies, we felt the controlled empirical relationship presented the most appropriate method for adjusting drift densities in a consistent and documentable approach. Future geomorphic conditions resulting from the proposed levee setback will likely influence the dynamics of turbidity in the river. The modeling effort presented here does not explicitly address future turbidity changes, but examines what the effect of the current levels of turbidity might have on fish energetics given the proposed setback. Input data required for each invertebrate drift modeling run included initial drift densities in each stream tube and polygon at the upstream cross section (appendix A). Taxa and size specific entry rates, settling velocities, and time spent near bed values were derived from Hayes and others (2012; appendix B) .
Fish Foraging and Bioenergetics Model
The information on water depth and velocity calculated by the stream tube model and the taxa and size specific drift densities data calculated by the invertebrate drift model were used as input data to calculate fish energetic costs and NREI for current and future conditions for flows of 25.9 and 49.3 m 3 /s. The foraging model is based on a model by Hughes and others (2003) which predicts the NREI of drift feeding fish from data on stream depth, velocity, drift taxa, and size composition, as well as information on the body size of fish and stream temperature to be modeled. NREI is derived from the gross rate of energy intake (GREI) minus the energetic cost to a fish of steady swimming to maintain a point within the modeling grid. The GREI for a fish at a particular location within the modeled reach is the summation of the capture rate for invertebrate prey within a size class and the energy content of that prey. It takes the form:
where: NP = number of invertebrate prey length classes. i = subscript designating prey length class. CR = capture rate for prey in length class i (number per second), and PEA = energy content (joules) of prey in length class i.
A complete description of the calculation of GREI can be found in Hughes and others (2003) . To determine the energetic costs for a fish to maintain its position, the trout swimming cost model from the Fish Bioenergetics 3.0 model was used (Hanson and others, 1997) . This model takes the form:
)](13,565))/86,400 (2) where: = water temperature dependent coefficient T = water temperature (°C), RT = coefficient for swimming speed dependence on metabolism (s/cm), and VEL = swimming speed (m/s).
GREI, swimming costs, and NREI are calculated for a user specified number of evenly distributed points across each cross section characterized in the stream tube model. For this study, 36 interrogation points were distributed along each cross section. For each interrogation point, the cost of maintaining that point and the NREI were determined based on the previously described equations 1 and 2.
The modeling framework presented in Hayes and others (2007) and Kelly and others (2012) was used to model fish foraging based on the model developed by Hughes and others (2003) that use the equations 1 and 2. Input requirements for this framework included the output from the drift model and fish characteristics that varied depending on season and levels of turbidity. Fish input characteristics for the foraging model (table 1) represent an estimate for a "typical" salmonid found in this system. Fish length, weight, and minimum and maximum prey size that fish could eat were based on the average weight and length of the fish captured for stomach analyses. These values as well as the height of the interrogation point off the bottom; number of interrogation points per cross-section; and defense radius were kept constant for model runs. Temperature values were based on average values for each season. Hughes and others (2003) found that drift feeding salmonids only captured an average of 55 percent of the drifting invertebrate prey items that entered their foraging stream tubes in relatively low turbid waters (<5 FNU). As noted previously, the White River is a glacial fed river and can be very turbid. It has been shown that an increase in sediment and turbidity can reduce the probability of prey detection by salmonids (Sigler and others, 1984; Sweka and Hartman, 2001a) . To incorporate this knowledge into the modeling effort presented here, a reduction in the 55 percent prey capture efficiency measured by Hughes and others (2003) in waters with turbidity above 5 FNU was determined based on the average reduction in the rate of capture with increasing turbidity documented in the literature of Berg and Northcote (1985) , Barrett and others (1992) , Harman (2001a, 2001b) , and Harvey and White (2008) . Rather than use an average of all of the capture efficiencies documented in the literature, we felt it was important to establish the 55 percent capture efficiency as the highest capture rate given that the modeling effort was based on Hughes and others (2003) . Therefore, a maximum capture efficiency of 55 percent was established and proportionally lowered by an average reduction in capture efficiencies with increasing turbidity documented in Berg and Northcote (1985) , Barrett and others (1992) , Harman (2001a, 2001b) , and Harvey and White (2008) . For each season-based turbidity measure, capture efficiencies were adjusted based on the approach described above (table 1). (2003) and Hayes and others (2007) .
Statistical Tests
A rank-sum test was used to compare energetic cost or NREI values between current and future conditions for 25.9 and 49.3 m 3 /s for each season. In addition, energetic cost values were placed into one of four groups; <0.01 J/s, 0.01-0.1 J/s, 0.1-1 J/s, and >1 J/s. A Chi-square test was used to compare the abundance of modeled output within each of these groups between current and future conditions for all season and both flows examined. NREI values were placed into groups of either negative or positive for current and future conditions and then compared by season and flow using Chi-square tests. All statistical analyses were done using Systat 13.0 (2009).
Results
Temperature and Turbidity
Hourly water temperature and daily turbidity data seasonally summarized from May 2010 to September 2012 were typical of a glacial fed river in the Pacific Northwest (table 2). Water temperatures were colder in the spring and fall, warmer in the summer, but never went above 20 °C. The highest instantaneous temperature recorded was 19.6 °C during the summer, while the lowest was 1.9 °C during the fall. Water temperature and turbidity data were also seasonally summarized for data recorded at flows of 25.9 (±10 percent) and 49.3 (±10 percent) m
Two-Dimensional Hydraulic Model
The hydraulic modeling generated a series of geo-referenced depth and velocity grids for current and future conditions at flows of 25.9 and 49.3 m 
Fish Diet Versus Estimated Drift
During 2012, juvenile salmonids were sampled once during spring, summer, and fall and the mean percentage composition of their stomach contents were compared with the mean literature-estimated drift composition used in the fish foraging and bioenergetic modeling. Stomach samples were collected from Chinook, coho, and steelhead trout and were summarized across all fish taxa by season. The goal of collecting stomach samples was not to empirically estimate food electivity, but rather to assess if the literature-estimated drift composition was generally representative of what the salmonids in the study reach were eating. The percentage composition of the literature-estimated drift was averaged across flows by season. The captured fish were proportionally consuming more Ephemeroptera (mayflies) than any other aquatic organisms. The percentage of Ephemeroptera in the stomach samples ranged from 52.4 percent in the spring to 30.1 percent in the summer ( fig. 5 ). All stomach samples exhibited between 15 and 36 percent terrestrial insects, which were not included in the literature estimated drift composition. As expected, the highest percentage of terrestrials was measured during the summer (Nakano and Murakami, 2001) . Although the absolute percent values for stomach and estimated drift samples differed, the proportion of Diptera and Ephemeroptera typically represented the greatest proportion of stomach and estimated drift samples. In the summer and fall samples, the percent of Hydropsychidae in the stomach samples was higher than the estimated drift samples. The abundance of estimated drifting Hydropsychidae is often low which suggests these fish were engaging in some bottom feeding. Salmonid eggs also were not included in the estimated drift sample, but a limited number were found in stomach samples during the fall sampling, which also may support the bottom feeding possibility. Nevertheless, the high percentage of Diptera and Ephemeroptera known to enter the drift found in the stomach samples as well as the high percentage of terrestrial organisms suggest a high degree of drift feeding.
Energetic Costs and Net Rate of Energy Intake
For each user defined modeling location within the study reach, energetic costs (J/s) were calculated for the two flow scenarios of 25.9 and 49.3 m 3 /s for each season under current and future conditions ( fig. 6 ). The highest median energetic costs were always measured under summer conditions for each flow within either current or future management conditions, when foraging efficiency is reduced due to relatively high temperatures and turbidity. Although slightly lower than summer median energetic costs, fall costs were similar and occurred during a period when turbidity was elevated. 
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0.00 The lowest energetic costs for each flow and management combination were measured during the spring when temperatures and turbidity were relatively low. For the low flow scenario, current and future median energetic costs were similar for each season. However, the range and maximum energetic costs were higher for future conditions than current conditions by season. For the high flow scenario, future conditions also exhibited higher maximum costs than current conditions, but median costs were significantly lower for future conditions by season (Wilcoxan-Rank, p-value <0.001).
When energetic costs were placed into one of four groups (<0.01 J/s, 0.01-0.1 J/s, 0.1-1 J/s, and >1 J/s), there was always a significant difference between costs under current and future conditions ( fig. 7) . For every flow and season combination, the abundance of the most energetically favorable (lowest cost) positions increased under the proposed levee setback relative to the current condition. The highest proportions of the most energetically favorable positions occurred during the spring for both flow scenarios. For the low flow scenario, the proportion of the most energetically favorable positions in spring increased 78 percent under current conditions to 87 percent for future conditions ( fig. 7A ). For the high flow scenarios, the most energetically favorable positions in spring increased 71 percent under current conditions to 82 percent for future conditions ( fig. 7B ). Although spring conditions had the highest proportion of the most energetically favorable positions, the percent increase from current to future conditions was only 12-15 percent. During summer, the proposed levee setback produced a 92 and 83 percent increase in the most favorable energetic positions for low and high flow scenarios, respectively. The percent increase in the most energetically favorable positions from current to future conditions during the fall ranged from 55 to 59 percent. The NREI also was calculated for each modeled cell ( fig. 8 ). For the low flow scenario, differences between median NREI for current and future conditions were variable between seasons but the median values were always positive, indicating positive growth potential. The median NREI for future conditions was significantly higher than current conditions in the spring, significantly less than current conditions during the fall, and not significantly different from current conditions in the summer. The maximum NREI values were consistent between current and future conditions by season and was highest in the spring (16 J/s) and lowest (6 and 5 J/s) in the summer ( fig. 8A) . All of the minimum NREI values were negative indicating negative growth potential. The lowest value was measured for future conditions in the summer (-108 J/s). For the low flow scenario in all seasons, modeled cells with the lowest NREI were for future conditions.
Unlike median NREI values for the low flow scenario, there were significant increases in median NREI values for all of the future conditions relative to current conditions for the high flow scenario (fig. 8B ). The largest increase between current and future conditions occurred in the spring where NREI increased from 0.01 to 0.36 J/s. Similar to the lower flow results, maximum NREI values were similar between current and future conditions by season, and the maximum values also were measured in the spring (17 J/s). Additionally, similar to the low flow results, the minimum NREI values were measured for future conditions for each season and were lowest (-180 J/s) for future conditions in the summer. 
Discussion
It has been suggested that levee setbacks, such as that proposed for the White River, have a high probability of biological success which can occur in a relatively short period of time in the Pacific Northwest (Roni and others, 2012; Bellmore and others, 2013) . Levee setback restoration projects similar to the one proposed in this study require detailed physical surveys and hydraulic modeling efforts to ensure, as much as possible, that future flood reduction goals are met. The detailed physical and hydraulic modeling done as part of the engineering design work for this and other projects of this type provide the initial framework from which the energetic assessment presented in this study could be made.
Although some of the modeling framework for this study was in place as a result of the engineering design work, a number of data needs were not available and could not be collected due to resource limitations and to the inherent limitation of working in a highly turbid glacial-fed river that limits the ability to perform many traditional observational studies. The literature estimated macroinvertebrate drift used for this study was assumed to be represented by drift data from rivers with similar hydrologic, geographic, and geomorphic features. Observations described in the literature (Gammon, 1970; Ciborowksi and others, 1977; Rosenberg and Wiens, 1978; Ryan, 1991; Shaw and Richardson, 2001; Berry and others, 2003) , suggesting that increases in sediment load influence drift densities, were used to modify the literature based drift densities in response to the changes in turbidity measured in the study reach. It is unclear if the response of drifting macroinvertebrates to the short term changes in sediment measured by these studies translate to glacial-fed rivers that have a more consistent seasonal change in levels of sediment. Although drift feeding fish are known to be selective in their diets (Bisson, 1978; Rader, 1997) , at the taxonomic scale used for this study, the percent composition of aquatic macroinvertebrates in the literature estimated drift data set for the spring, summer, and fall periods were considered to be reasonable and acceptable for comparing current with future levee setback conditions. Though not included in the estimated drift data input, future modeling efforts should consider incorporating terrestrial food source in the drift dispersion and energetics portions of the model, given that adult terrestrial insects were found in the stomachs of some fish and are known to have very high caloric value. Terrestrial organisms could potentially be incorporated into the model by systematically introducing terrestrial invertebrates into water surface cells of the model and controlling the entry rate, settling velocities and time near the bed parameters used in the drift dispersion component of the model. The incorporation of this source of food could add a substantial amount of energy to this system. Under current conditions, terrestrial input is likely to be transported downstream rapidly and be less available to drift feeding fish that are forced to occupy deep or high velocity locations in the river. Under future conditions, terrestrial input is likely to enter areas of slow velocities or shallow areas where drift feeding salmonids are able to see these organisms. Salmon eggs also were not included in the model and were found in fall stomach samples. Although salmonids are typically drift feeders, they do occasionally forage off the bottom (McLaughlin and others, 1994; Fausch and others, 1997; Tunney and Steingrimsson, 2012) . It is not clear if these fish were bottom feeding or if they were drift feeding on dislodged eggs during this time. Like the terrestrial insects, a refinement of the drift dispersion model to account for eggs in the drift could be considered.
Turbidity levels in the river were typical of a glacial-fed river: low in the spring and high in the fall. The foraging efficiency of salmonids is greatly affected by levels of turbidity. Laboratory studies have measured salmonid prey capture efficiencies of 80-100 percent when turbidity levels are between 5 and 10 FNUs, which is similar to the values measured during the spring. As turbidity increased to 50 FNUs, capture efficiencies in laboratory studies dropped 10-40 percent and above 130 FNUs, capture efficiencies were almost non-existent (Berg and Northcote, 1985; Barrett and others, 1992; Harman, 2001a, 2001b; Harvey and White, 2008) . Based on these laboratory studies and the levels of turbidity measured during this study, it is likely that salmonid prey capture efficiencies can be very low to non-existent during summer and fall when maximum turbidity levels can be very high. An effort was made to incorporate the effect of increased turbidity in the summer and fall within the bioenergetics model by systematically reducing capture efficiencies based on mean seasonal turbidity values.
As noted in section, Methods, input data for the fish foraging portion of the model was described as a "typical" juvenile salmonid. Although the literature suggests that different species of salmonids prefer different types of microhabitat as a result of differences in morphology and foraging efficiency in different velocities (Hartman, 1965; Bisson and others, 1988; Bugert and Bjornn, 1991; Bremset and Berg, 1999) , Piccolo and others (2008) found juvenile coho and steelhead prey detection and capture was similar across a gradient of velocities. Piccolo and others (2008) suggest that the influence of changes in velocity may be similar across all drift feeding salmonids. For this study, a similar assumption was made regarding the effects of changes in velocity, as well as turbidity, on the percentage of available prey captured. To compare the potential differences between current hydraulic and geomorphic conditions and hypothetical future conditions, it was determined that the trade-off between a generalized salmonid and species specific information was appropriate. Ultimately, the value of this modeling study will be the refinement of the model structure and sensitivity of specific input data based on comparisons of modeled and actual results.
The results from the 2D hydraulic model produced the results one would expect by widening a river floodplain and keeping discharge constant. For both flow scenarios (25.9 and 49.3 m 3 /s), average depths and velocities were significantly lower for the future conditions. It is difficult to identify a generalized specific optimal depth for juvenile salmonids, but Raleigh and others (1986) suggest that juvenile Chinook prefer depths of 0.24-0.91 m. For both flow scenarios, mean depths for current conditions were at the upper end or above this optimal range, whereas predicted future depths were within Raleigh and others (1986) optimal range ( fig. 3 ). Similar to depth, salmonid velocity preferences are variable and are dependent upon many factors. However, current mean velocities were generally at or above velocities preferred by juvenile salmonids whereas future mean velocities were within the range of acceptable velocities ( fig. 4) (Raleigh and others, 1986; Shirvell, 1994 ). An increase in the abundance of low velocity and shallower waters would be expected to have a benefit for juvenile salmonids (Bisson and others, 1988; Shirvell, 1990; Sandercock, 1991; Fausch, 1993) . In the glacially fed Taku River, Murphy and others (1989) found that velocity was a more important factor in habitat selection than turbidity. An increase in the abundance of lower velocity side channels have been shown to be beneficial to juvenile coho (Tschaplinski and Hartman, 1983) and are suspected to be beneficial to juvenile spring Chinook, particularly during high winter flows (Swales and Levings, 1989) .
Of equal importance, is the increase in the variance in depths and velocities resulting from future conditions. This increased variability results in increased habitat heterogeneity, that in turn has the potential to increase suitable habitats for a greater diversity of life stages of salmonids, increase the rate of photosynthesis in shallow low velocity areas by reducing turbidity, and increase diversity and density of macroinvertebrates for salmonids to feed upon (Salo and others, 1986; Ahearn and others, 2006; Grosholz and Gallo, 2006) . Moreover, the increased variability likely persists over a range of flows indicating the likelihood that some area will have preferred hydraulic conditions at any flow.
Across all flows measured during the study, maximum daily temperatures were below lethal limits for salmon and steelhead and were often close to optimal temperatures (Richter and Kolmes, 2005) . However, many of the literaturebased optimal and threshold temperatures do not provide a mechanism for altering these values based on physiological changes brought about by shifts in flow and food delivery that may offset or accentuate the effects of changes in temperature. For this study, the measured mean daily temperatures in summer were similar to optimal levels for Chinook reported in the literature (Richter and Kolmes, 2005) , although energetic costs ( fig. 6) were the highest and NREI ( fig. 8 ) the lowest during this time. The summer also had the lowest percentage of low energetic cost ( fig. 7 ) and positive growth ( fig. 9 ) positions for current and future conditions for both flow scenarios. Although temperatures appeared to be at optimal levels, turbidity levels were very high which would limit the reaction distance and ability of fish to capture drifting prey resulting in decreased NREI during this time. Turbidity also was very high in the fall, but temperatures were lower which would reduce metabolic demands resulting in the slight improvement in energetic costs (figs. 6 and 7) and NREI (figs. 8 and 9) over summer conditions. Spring was clearly the period of time with the lowest costs (figs. 6 and 7) and highest NREI ( figs. 8 and 9 ). The measured model responses in the spring could be attributed to the limited turbidity and an increased foraging efficiency or ontogenetic shifts in habitat and diet preferences that can occur rapidly during the spring for some salmonids. However, drift densities used in the model during the spring were generally lower than those in summer and fall suggesting that the ability to see prey is critical.
For high and low flow scenarios, future conditions after the levee setback improved in terms of reduced energetic costs ( fig. 7 ) and increased NREI ( fig. 8 ) during all seasons. The greatest relative improvement occurred in the summer. An increase in the abundance of low energetic cost and high NREI positions is likely the result of a significant reduction in stream velocity and an increase in velocity heterogeneity observed for both flow scenarios after the levee setback. It is important to remember that the same hypothetical drift density data sets were used for each unique combination of current and future conditions characterized for each flow and season to calculate NREI. It is highly unlikely that drift densities will remain the same as they are currently modeled after the levee setback has reconnected the main channel with its historical floodplain. Previous studies have indicated that floodplain side channels can have 1 to 2 orders of magnitude greater invertebrate production than in the main channel (Gladden and Smock, 1990 ). This increase is the result of increased diversity of habitat types suitable for primary and secondary production.
Results from the hydraulic model suggest an increase in the variability of depths and velocities ideally suited for increased macroinvertebrate production. In addition, terrestrial invertebrate input is likely to increase as channels form through forested areas. Given the potential of dramatically higher drift densities resulting after the levee setback, the difference between current and future modeled levels of NREI presented in this study would likely be much greater.
For anadromous salmonids, it has been suggested that a biological trade-off between restoration efforts that produce habitat for a few large fish or habitat that is suitable for numerous smaller fish may exist. Roni and others (2006) suggested that larger out-migrating salmonids (smolts) from rivers with a limited number of very high NREI locations indicated better habitat quality since size at migration is correlated with greater ocean survival. Rosenfeld and others (2008) suggest the benefits of larger size smolts have to be balanced against the costs of lower abundance. They suggest that more opportunities for positive growth may be better than a few ideal habitat locations (high NREI) when territorial behavior between a few larger fish force numerous smaller fish into locations of negative growth. The results of this study demonstrate a significant increase in the abundance of positive fish growth (>0 NREI) locations within the study reach as a result of the levee setback. Although maximum values of NREI were generally similar between current and future conditions for each flow and season combination, it is likely that increases in drift densities of post levee setback macroinvertebrate would increase maximum NREI values resulting in both an increase in the number of positive growth positions and an increase in maximum NREI values.
Traditional approaches towards assessing habitat restoration efforts have focused on increasing the abundance of "optimal" levels of physical attributes like depth or velocity, based on published or field-based habitat preferences. These approaches infer a direct correlation between available habitat and production. Rosenfeld and Ptolemy (2012) found that traditional habitat and flow studies can systematically (and incorrectly) predict optimal habitat conditions when flows are inadequate for delivering food resources to the suggested optimal habitats. Like traditional habitat suitability indices, the modeling approach presented here made a number of assumptions. However, traditional habitat suitability based approaches assume that a higher density of fish occupying a particular habitat type implies these fish prefer the conditions found in that habitat, which may be inaccurate.
Many salmonids develop a strong dominance hierarchy which often results in many individuals being displaced from their energetically preferred habitat. This noted fish density assumption presents potential interpretive limitations, particularly if one is interested in evaluating the energetic benefits of a proposed habitat restoration project on fisheries productivity. The hydraulic and bioenergetics framework used to evaluate the proposed White River levee setback suggests a significant increase in energetically favorable positions may occur for the flows examined as a result of this project. This process-based framework offers a means for advancing our understanding of how hydraulic and geomorphic changes may affect riverine ecosystems.
Conclusions
Watershed restoration is the focus of many resource managers and can include a multitude of restoration actions each with specific restoration goals, response times, and rates of success. In the case of the White River flowing through the cities of Pacific and Sumner, Washington, a levee setback has been proposed to reconnect the river with its historical floodplain to help reduce flood risks as well as provide increased habitat for federally listed species of salmonids. It has been suggested that these types of restoration efforts have a high probability of biological success and can occur in a relatively short period of time within the Pacific Northwest. The results of the modeling presented here demonstrate a significant increase of up to 92 percent of low energetic cost positions and up to 36 percent of high net rate of energy intake positions within the study reach after constructing the proposed levee setback. This novel modeling process that considers both hydraulics and energetics for evaluating the potential fisheries benefits of reconnecting a river to its historical floodplain is ideally suited for assessing the fisheries benefits from structural changes in river channels. By incorporating an energetics component into the hydraulic assessment, the presented approach also helps address some of the limitations associated with traditional habitat availability approaches. 
